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be discussed prior to consideration of 4) the effects of vertebrate 
host hormones. 
Neurosecretion in Helminths 
The concept of nervous and endocrine systems functioning in an 
integrative capacity has been emphasized by observations that nerve 
cells can synthesize, transport and secrete chemicals. Although Davey 
(1966) defined neurosecretory cells as nerve cells stainable by a 
paraldehyde-fuchsin technique,the use of histological methods for eval­
uating neurosecretion has been questioned by some authors (Bern and 
Knowles, 1967; Knowles and Bern, 1966). Ultrastructural studies have 
also provided information which led Knowles (1965) to propose that two 
types of neurosecretory cells could be defined using the electron 
microscope. Other aspects of neurosecretion have been extensively 
studied elsewhere (Highnam and Hill, 1969; Tombes, 1970). 
Hormone-like secretions and hormones of invertebrates have been 
classified by Gabe et al. (1964); two types of secretions are said to 
be elaborated by nerve cells, namely neurohumors and neurosecretions, 
and therefore both might broadly be described as neurosecretions. 
Neurohumors (e.g. acetylcholine, serotonin and catecholamines) are 
elaborated by normally functioning neurons and are said to be mediators 
of nerve transmission. They travel over a short distance and act for 
only a short period of time. In contrast, neurohormones (e.g. 
arthropod brain hormone) are produced by highly modified cells of the 
nervous system (i.e. neurosecretory cells) and have been described 
as coordinators of neuroendocrine function. They may be transported 
8 
juvenile trichina worms are discussed below. Because these reports sug­
gest that substances isolated from one helminth species may affect 
another species, studies to determine the developmental effect of SMS 
extract on various helminth life cycle stages are warranted. 
In summary, it is of interest to note that reports of the produc­
tion of host endocrine-like materials by helminths have been primarily 
associated with larval platyhelminths. 
Effects of Invertebrate Hormones on Helminths 
Invertebrate hormonës hâve long been known to affect protozoan 
parasites (von Brand, 1952) but effects on helminths have been studied 
only recently. Yoeli and associates saw no change in the development 
of Dirofilaria tmmitis microfilariae in Anopheles guadrimaculatus in 
the absence of a gonadotropic hormone (Yoeli et al., 1962). 
Farnesol and similar insect juvenile hormone mimics have been shown 
to inhibit the development of Trichinella spiralis in vitro (Meerovitch, 
1965; Shanta and Meerovitch, 1970) but the effects are not related to 
the juvenile hormone activity of the compounds (Shanta and Meerovitch, 
1970). Similar results have been reported when a compound which is not 
a juvenile hormone mimic was used (Boisvenue et al., unpublished ab­
stract, 1971). Hitcho and Thorsen (1971) demonstrated that both a 
synthetic juvenile hormone, as well as a lipid extract from encysted 
juveniles of Trichinella spiralis stimulate growth but inhibit molting 
of these .juveniles in vitro. Kowalski (unpubl. abstr., 1971) reported 
that this synthetic juvenile hormone as well as inokosterone (an insect 
molting hormone) are capable of stimulating growth of Hymenolepls 
13 
Table 2. (Continued) 
Parasite Host Observations Author 
T. spiralis 
spiralis 
Mouse cellular response to 
trichina depressed by 
cortisone; numerical re­
duction of juveniles not 
seen after removal of 
cortisone treatment 
Mouse cortisone injections 
hasten death of mice 
given lethal does of 
trichina 
Coker, 1956b, 
1956c 
Zaiman et al., 
1962 
_!• spiralis Rat little or no immunity 
when challenge does are 
accompanied by cortisone 
acetate injections—a 
high antibody titer seen 
in controls, none in 
cortisone treated expéri­
mentais 
Markell, 1957; 
Markell and 
Lewis, 1957 
T. spiralis Rat 
T. spiralis 
Nippostrongylus 
mur is 
Man, 
Guinea 
pig 
Rat 
cortisone appeared quite 
toxic—enabled more 
juveniles to penetrate 
intestinal mucosa; ACTH 
minimizes weight loss, 
decreases mortality, and 
prolongs survival time 
ACTH favorably alters 
clinical trichinosis, but 
fails to reduce mortality in 
lethally dosed guinea pigs 
Lord, 1958 
Luongo et al., 
1951 
cortisone suppresses skin in- Weinstein, 1955 
flammation—adult worms are 
larger in cortisone treated 
animals 
Nippostrongylus Guinea 
brasiliensis pig 
more juveniles recovered from Parker, 1961 
cortisone treated animals; 
some reached Intestines and 
matured in cortisone treated 
animals 
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Table 3. (Continued) 
Parasite Host Observations Author 
Nippostrongylus Hamster, no difference due to host Haley, 1958, 
brasillensis Rat sex seen in normal rat 1966a,b 
hosts or in immature (2-3 
weeks) hamsters, but mature 
male hamsters were more 
susceptible than females; 
gonadectomy of male hamsters 
decreased their suseptibility 
to infection whereas gonadectomy 
of rats had no effect on suscep­
tibility; after serial passage 
in hamsters, males were only 
1.2 times more susceptible than 
females compared to a 16.7 
fold difference with the 
original rat strain 
Nematospiroides Rat, male mice 
dubius House rats were 
infection 
females 
and young male Dobson, 1961a,b 
susceptible to 
than comparable 
Ancylostoma 
caninum 
Dog male dogs more susceptible than Miller, 1965 
females; in pups (2-5 months) 
both sexes were equally 
susceptible 
Heterodera 
schachti 
Sugar testosterone treatment 
beet caused morphological 
changes in female worms 
but not males of this 
plant parasitic species 
Johnson and 
Viglierchio, 
1970 
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Table 4. Effects of host sex and sex hormones on trematode infections 
Parasite Host Observations Author 
Notocotylus 
attenuatus 
schistosomes 
Pilgrim 
goose 
Human 
males more heavily infected 
than females, but possibly 
because they feed more 
intensively 
locally observed differ­
ences in male and female 
infections attributed to 
differences in behaviour 
Schad, 1962 
WHO, 1965 
schistosomes Mouse higher mortality in males WHO, 1966 
than females 
Schistosoma 
mansoni 
Schistosoma 
mansoni 
Hematoloechus 
medloplexus 
Mouse conflicting reports worm 
survival apparently influ­
enced by hormonal imbalance 
of the host, but mechanism 
of action is not understood-
testosterone propionate or 
stilbesterol appear to 
affect development; hormones 
may alter skin and indirectly 
affect penetration 
Hamster castrated and normal females 
(female) had similar numbers of worms; 
castrated females which re­
ceived 20 mg. of estradiol 
were totally refractive, 
but control animals became 
infected with normal numbers 
of worms 
Frog female hosts more refractory 
during the breeding season; 
males demonstrated a higher 
but less variable incidence 
of infection 
Several authors 
(summarized by 
Solomon, 1969) 
Combescot 
et al., 1970 
Hollis, 1972 
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Table 5. Effects of host sex and sex hormones on cestode infections 
Parasite Host Observations Author 
Hymenolepis 
dlminuta 
Rat deficient diets had a 
stunting effect on worms 
from female but not male 
hosts 
Chandler, 1943; 
Addis and 
Chandler, 1944; 
1946 
H. dlminuta Rat daily egg output of single 
worm infections greater in 
male than female hosts 
Beck and 
Chandler, 1950; 
Beck, 1951, 
1952 
H. diminuta 
H. diminuta 
H. diminuta 
Hymenolepis 
nana 
Taenia 
taeniaeformis 
Aldrich et al., 
1954 
Read and 
Rothman, 1957 
Rat lower rate of transaminase 
activity and greater fat 
deposits in worms from 
gonadectomized hosts 
Rat worms from male Wistair 
rats (but not McCollvnn 
rats) maintained on starch 
diet were heavier than 
worms from females 
Rat male sex hormone enhanced 
parasite growth 
Mouse Increased numbers of worms 
in both male and female 
hosts which had received 
male sex hormone—estrogens 
produced the opposite effect 
Rat more strobilocerci in livers Curtis et al., 
of male rats than females 1933 
Addis, 1946 
Bailenger 
et al., 1964 
Taenia 
saginata 
Taenia 
multlceps 
Cattle young (1-5 years) males Ginsberg, et 
most susceptible to cysticerci al., 1956 
Mouse females more susceptible to Esch, 1967 
lab infections 
J.  moj-cj-v-cpo 
Taenia 
crassiceps 
T 1_ 
rabbit 
Mouse 
natural infections 
•Resrh. 1967 
females more susceptible to Freeman, 1962; 
intraperitoneally exposed 1964 
cysticerci 
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Table 5. (Continued) 
Parasite Host Observations Author 
Echinococcus Mouse 
multilocularis 
Piphyllobo thr ium Hamster 
sebago 
female mice more resistant 
to infection than males 
gonadectomy caused reduced 
egg production in worms 
from male hosts, but 
testosterone reversed 
this effect; alterations 
in worm development also 
observed 
Ohbayashi and 
Sakamoto, 1966 
Meyer and 
Valleau, 1967 
Table 6. Effects of host sex on mixed parasite infections 
Parasite Host Observations Author 
Various spp. 
Various spp. 
Various spp. 
Frog parasitization during breed­
ing season higher in male 
frogs than female 
Trout spawning 3 year old female 
brown trout more heavily 
parasitized than males. 
The opposite was seen in 
1-2 year old fish 
Man higher incidence of 
protozoans in females. 
Higher incidence of helminths 
in males 
Lees and 
Bass, 1960; 
Lees, 1962 
Thomas, 1964 
Chemin, 1954 
Various spp. Frog nematode, trematode and 
cestode parasites occur more 
often in male than female 
hosts, except in the summer 
Markov and 
Rogoza, 1949 
same 
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Table 6. (Continued) 
Parasite Host Observations Author 
Various spp. Frog host sex had no effect Markov, 1955 
upon Haplometra 
cvlindracea infections, 
but female frogs exhibited 
a greater resistance to 
Rhabdius bufonis 
Table 7. Parathyroid-helminth relationships 
Parasite Host Observations Author 
Trichinella 
spiralis 
Rabbit parathyroid hormone raised 
blood calcium levels but 
did not induce early 
calcification of encysted 
parasites 
Wantland, 1935 
T. spiralis Rat calcium deposits were seen 
in trichina cysts (and 
other host tissues) only 
after administration of 
fatal doses of parathyroid 
hormone 
von Brand et 
al., 1938 
Capillaria 
hepatica 
Rat calcium deposits around 
parasites 7 and 16 days 
after infection were induced 
by parathyroid hormone 
(calcium deposition also 
seen in heart, lungs, and 
kidneys); attempts to induce 
calcificati. in 5 month old 
infections were unsuccessful 
Otto and von 
Brand, 1941 
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Table 8. Helminth-thyroid relationships 
Parasite Host Observations Author 
Ascarldia 
lineata 
Chicken size of host's thyroid 
glands not altered in 
chickens infected with 
this nematode 
Ackert and 
Otto, 1927 
Ascarldia 
galli 
Chicken mildly hyperthyroid hosts 
recovered more rapidly 
from weight loss due to 
this worm than controls 
Todd, 1948 
A. galli. 
Heterakis 
galllnae 
Chicken H. gallinae larger in 
hypothyroid hosts, A. 
galli grew larger in 
hyperthyroid birds; numbers 
of worms recovered from 
either thyroid abnormality 
were similar to controls 
Todd, 1949 
Raillietlna 
cestlcillus. 
Hymenolepis 
carioca 
Chicken differences in numbers of 
naturally acquired tape­
worms in a hybrid and 
standard breed of chicken 
were ascribed in part to 
different thyroid activity 
of the two breeds 
Todd et al., 
1949 
Oesophagostomum 
columbianum 
Lamb thyroidectomy increased the 
number of surviving worms, 
particularly in female 
lambs; no thyroid-related 
effect was seen on numbers 
of nodules (a criterion of 
host susceptibility) in 
either sex 
Dobson, 1964 
Tr icho s trongvlus 
8££. 
Lamb hypothyroid state causes a 
predilection for severe 
tr icho s trongylidos is 
robertsl 
Whitlock, 1949 
^ «3 J ^  ^ ^ J T% ^ I* « m  1 O 66#" 
more larvae, and the larvae 
were shorter than controls— 
thyroxine had no effect on 
worm length or burdens in 
males, but a heavier worm bur­
den was seen In female mice 
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Table 8. Helminth-thyroid relationships 
Parasite Host Observations Author 
Ascaridia 
lineata 
Chicken size of host's thyroid 
glands not altered in 
chickens infected with 
this nematode 
Ackert and 
Otto, 1927 
Ascaridia 
gain 
Chicken mildly hyperthyroid hosts 
recovered more rapidly 
from weight loss due to 
this worm than controls 
Todd, 1948 
A. galli. 
Heterakis 
galllnae 
Chicken H. gallinae larger in 
hypothyroid hosts, A. 
galli grew larger in 
hyperthyroid birds ; numbers 
of worms recovered from 
either thyroid abnormality 
were similar to controls 
Todd, 1949 
Raillietina 
cestlcillus. 
Hymenolepis 
carioca 
Chicken differences in numbers of 
naturally acquired tape­
worms in a hybrid and 
standard breed of chicken 
were ascribed in part to 
different thyroid activity 
of the two breeds 
Todd et al., 
1949 
Oesophagostomum 
columbianum 
Lamb thyroidectomy increased the 
number of surviving worms, 
particularly in female 
lambs; no thyroid-related 
effect was seen on numbers 
of nodules (a criterion of 
host susceptibility) in 
either sex 
Dobson, 1964 
Tr icho strongylus Lamb 
spp. 
hypothyroid state causes a 
predilection for severe 
tr ichos trongylidos is 
Whitlock, 1949 
robertsi 
4 ^ ^ j ^ mm ^  ^ 4m ^  Ji 4 ^  ^ ^ IT 
more larvae, and the larvae 
were shorter than controls— 
thyroxine had no effect on 
worm length or burdens in 
males, but a heavier worm bur­
den was seen in female mice 
1 OA A/* 
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Table 8. (Continued) 
Parasite Host Observations Author 
Trichinella 
spiralis 
Mouse 
Hymenolepis 
diminuta 
H. diminuta 
Hamster 
Rat 
hypothyroidism caused 
mortality sooner in mice 
given lethal infections— 
insignificantly larger 
numbers of juveniles were 
recovered from hypothyroid 
hosts with sublethal in­
fections 
egg production in single 
worm infections was de­
creased in thyroidectomized-
gonadectomized hosts 
Krupa et al., 
1967 
Landt, 1955 
heavier worms recovered from Landt and 
thyroidectomized female, but Goodchild, 1962 
not male, hosts—gonadectomized-
thyroidectomized hosts (both 
sexes) also had heavier worms 
than controls 
Hymenolepis 
nana 
Mouse hyperthyroid mice had more Larsh, 
cysticercoids than controls— 1950 
no effect seen in hypothyroid 
hosts 
1947; 
Diphyllobothrium 
latum 
Man 
Spirometra 
mansoides 
spargana (SMS) 
Rat 
Fasciola 
hepatica 
In vitro 
Ex-
sheep 
thyroid dysfunction was ob­
served in humans with this 
infection, but impaired 
absorption of vitamin B-12 
was not related to 
hypothyroidism 
thyroidectomized-induced 
growth cessation in young 
rats was reversed, and a 
rapid resumption of growth 
was seen, when SMS scolices 
were implanted 
thyroxine (tri-iodothyronine) 
does not affect glucose up­
take, but Inhibits galactose 
uptake in pieces of worm 
tissue 
Palva, 1963a, 
1963b 
Mueller, 1968; 
Mueller and 
Reed, 1968 
Pantelouris, 
1965a 
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Table 8. (Continued) 
Parasite Host Observations Author 
Schlstosomatium In vitro 
douthitti Ex-Mouse 
increased cytochrome oxidase 
activity seen in thyroxine 
treated worms ; thyroxine 
also increases oxygen uptake 
of adults and cercariae— 
similar effects were seen on 
Hematoloechus sp. and an un­
identified species of 
strigeoid cercariae 
Cornford, 
1970, 1971 
Schistosoma 
mansoni 
Mouse cercarial penetration lower 
in hypothyroid mice—worms 
in hypothyroid mice were 
small, while those in 
hyperthyroid hosts were large, 
matured earlier, and produced 
more eggs—the inflammatory 
process was accelerated in 
hyperthyroid and slowed in 
hypothyroid mice 
Abdel Wahab 
et al.. 1971 
Table 9. Effects of insulin on helminths 
Parasite Host Observations Author 
Schistosoma 
mansoni 
Mouse alloxanized mice had 
significantly fewer male 
worms than controls— 
alloxanized-castrated mice 
had significantly fewer 
male and female worms than 
controls 
Robinson, 1959b 
Fasciola In vitro glycogen of peripheral 
0.0.jr a ai&v* w>U4WAi. w 
was drastically depleted 
after incubation with 
insulin (400 units/ml)— 
uptake of labelled glucose 
by pieces of worms 
Pantelouris, 
1965b 
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Table 9. (Continued) 
Parasite Host Observations Author 
Fasciola 
hepatica 
(Continued) 
In vitro was unaffected by insulin 
Ex-sheep (200 units/30ml), but 
galactose uptake was 
drastically reduced—uptake 
of methionine depressed by 
insulin (40 units/30ml) 
Fasciola 
hepatica 
In vitro halved pieces of worms show 
Ex-sheep an increased synthesis of 
glycogen (41%) and glucose 
uptake after insulin treat­
ment (1 lU/ml) 
Sekardi, 1965 
Fasciola 
hepatica 
In vitro 
Ex-
cattle 
insulin (2.00-0.10 lU/ml) 
had no effect on glucose 
uptake or glycogen utiliza­
tion in whole worms 
Isseroff and 
Read, 1968 
Fasciola 
hepatica 
Fasciola 
hepatica 
In vitro insulin (200 units/30ml) 
Ex-sheep enhanced glycogen deple­
tion of whole worms when 
oral suckers were tied; 
insulin was thought to be 
taken up via the tegument 
Cattle normal fluctuation in 
fecal egg counts was 
suppressed by insulin 
administration; degree 
of suppression is depend­
ent upon the dose of 
insulin 
Hines, 1969 
Dorsman, 1967 
cysticerci of 
Taenia 
crassiceps 
In vitro insulin (1 lU/ml) stimu-
Ex-mouse lated glucose uptake, 
lactic acid production 
and glycogen* is in long 
term (8 hours, incubations, 
but no effect was seen in 
Esch, 1969 
Schistosomatlum 
douthitti 
In vitro insulin (2 lU/ml) caused 
Ex-mouse increased oxygen uptake of 
adults and cercariae 
Cornford, 1971 
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specific for male worms. Reports on the differential effects of 
testosterone and gonadectomy on male and female schistosomes are not 
uncommon (Berg, 1953, 1957a, 1957b; Robinson, 1959a, 1959b) and al­
though there is not complete agreement, most studies indicate that 
fewer male schistosomes have typically been recovered from hormonally 
Imbalanced hosts than In controls, while effects on female schistosomes 
are less dramatic. 
Evaluation of sex specific effects in schistosomes is further 
complicated by the influence of the male worm upon development of the 
female. Schistosoma mansoni females are unable to attain sexual 
maturity in the absence of the male (Moore et al., 1954); the presence 
of males promotes growth of female mansoni, Schistosomatium 
douthitti, and Heterobilharzla amerlcana as demonstrated by Armstrong 
(1965). He believes a pheromone, produced by the male schistosome, 
is essential for the female partner's maturation. 
Thyroid hormones 
Almost twenty years ago, von Brand (1952) reviewed thyroid-parasite 
relationships and noted the inconsistency of published data and the lack 
of agreement as to mechanisms responsible for observed effects. Present 
evidence of thyroid-helminth relationships (Table 8) does not permit 
meaningful analysis. Certain studies suggest that in nematodes the 
hypothyroid condition is typified by heavier worm burdens and/or a 
— — 4  ^  M  ^  ^ T » T V *  1 Q A Q *  
Dobson, 1964, 1966c; Krupa et al., 1967). In contrast, studies with 
platyhelmlnths suggest that the hyperthyroid condition is characterized 
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by accelerated egg production, and the establishment of larger numbers 
of worms (Larsh, 1947, 1950; Landt, 1955; Abdel Wahab et al., 1971). 
The latter authors also reported that mansoni from hyperthyroid 
hosts were larger, and smaller in hypothyroid hosts, than those from 
control mice. The increased severity of nematode infections upon 
hypothyroid hosts appears to be consistent with the observation of 
Abdel Wahab et al. (1971) that the inflammatory response is slowed 
in hypothyroid and accelerated in hyperthyroid hosts. 
Von Brand (1952) also emphasized the need for experimental studies 
to determine whether or not the thyroid hormone has a direct affect on 
parasites, particularly in view of the definite effects it produces on 
metabolism of certain invertebrates and metamorphosis of tunicates. 
Effects of thyroid compounds on protozoa have also been described; 
Shumway (1929) noted an increase in the division rate of many species 
of Paramecium after adding thyroid gland to the medium, and Wingo and 
Cameron (1952) observed increased oxygen consumption in thyroxine 
treated Tetrahymena. In contrast, Jenkins (1961) saw no increase in 
oxygen consumption of thyroxine treated Dugesia dorotocephala, a free 
living platyhelminth. Thyroxine has been tentatively identified from, 
and shown to induce strobilization of polyps in the coelenterate 
Aurelia, according to Spangenburg (1971), and the freshwater clam 
Musculium synthesizes thyroxine at a rate comparable to functional 
thyroid tissue (Gorbman, 1955). Despite these published observations 
to the contrary, it is generally assumed that this hormone does not 
directly affect invertebrates (Williams, 1968) or that applied 
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thyroxine has no effects in invertebrates comparable to those seen in 
vertebrates (Prosser and Brown, 1961). 
Pancreatic hormones 
Relationships of pancreatic hormones to helminths are at best, 
poorly understood, and because adult schistosomes typically inhabit 
the portal vein of their vertebrate hosts they appear to be particularly 
suitable for studying these relationships. Two hormones are known to 
be produced by the pancreas, namely insulin and glucagon. No published 
reports relating to effects of the latter hormone on parasites have 
appeared, but the known effects of insulin on helminths, summarized in 
Table 9, indicate lack of unanimity. For example, insulin is said to 
1) stimulate glycogenolysis (Pantelouris, 1964; Hines, 1969), 2) 
stimulate glycogenesis (Sekardi, 1965), and 3) have no effect on the 
carbohydrate metabolism (Isserhoff and Read, 1968) of Fasciola hepatica. 
It has been also suggested that insulin enters by way of the tegument 
(Hines, 1969). These contradictory reports have stimulated criticism 
of various experimental techniques; the source and concentration of 
insulin were deemed important by Isserhoff and Read (1968), but Esch 
(1969) suggested that additional factors such as the relative numbers 
of helminths per unit of Incubating medium, and the duration of the 
Incubation period might also account for some of the differences. 
Additionally, some authors used worm fragments while others used whole 
WM m ^ ^  ^ •• ^ J M as mm — «a m m m m ^ «.m m J ^  ^ ^  M f 1 # «If A ^ ^ A 
owmw «aowm w uliwa. a mw w ^ m w ^ w 
in a given study were of a single species but were collected from hosts 
of different species. 
32 
It is interesting to note, in the light of the previously described 
production of hormone-like substances by larval platyhelminths, that in 
the most successful study to date, effects of insulin were demonstrated 
on a larval (cysticercus) cestode (Esch, 1969). However, it is unduly 
speculative to suggest that any relationship exists between the produc­
tion of hormone-like substances and the ability of larval forms to 
respond to exogenous insulin. Esch (1969) showed that insulin stimu­
lated glucose uptake, lactic acid production and glycogenesis in long 
term (8 hour) incubations, but the same hormone concentration failed to 
produce similar effects in short term (2 hour) studies. 
Miscellaneous Endocrine-Helminth Relationships 
Consideration of the effects of host hormones on helminths would 
not be complete without reference to the contributions of Szidat (1956, 
1959, 1960). He noted that the life cycle of the digenetic trematode 
Genarchella genarchella in the mollusc host (Littoridlna australis) was 
greatly abbreviated. In this progenetic species, mature metacercariae 
which produce numerous eggs containing miracidia are found within the 
rediae. There is no second intermediate host and passage of the 
metacercariae into the definitive vertebrate host is not mandatory. 
Abridged life cycles of parasites of other cyprinid fishes are also 
known, including monogeaeans (Gyrodactyle), caryophyllidean tapeworms 
(Archigetes), and pseudophyllidean tapeworms (Schistocephalus, Ligula). 
Szidat believes that in the evolution of cypriniform fishes the change 
from marine to fresh water resulted in activation of the endocrine 
glands, especially the hypothysis and the thyroid, with subsequent 
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effects on their parasites, and such effects being expressed in striking 
modification of their life cycles. Although the nature of hormonally 
Induced life cycle modifications remains speculative, these studies 
exemplify the wide spectrum of parasite-hormone relationships. 
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MATERIALS AND METHODS 
Schistosomatium douthltti was maintained in the laboratory using 
techniques described by Kagan et al., (1954) and Rogers (1968). 
Naturally infected Lymnaea emarginata, collected from Cheboygan County, 
Michigan, were the original source of cercariae of the parasite. Al­
though three species of lymnaeid snails (]L. stagnalis, L. palustris 
and L. emarginata) were employed as laboratory intermediate hosts, 
the latter two were the most suitable. Snails were reared and maintained 
in artificial spring water (Ulmer, 1970); this medium was also used for 
respiratory studies of cercariae. Laboratory reared mice, obtained 
from the Genetics Laboratory, Iowa State University, served as definitive 
hosts. They were maintained in standard plastic mouse cages, and fed 
Purina lab chow supplemented with cracked corn and water ^  libitum. 
For physiological studies, adult worms were mechanically removed 
with a brush from the intestinal veins of mice killed by cervical 
dislocation. Using this technique, large numbers of flukes could be 
recovered in less than one hour. Specimens were rinsed, maintained 
and studied in warm (37° C.) schistosome saline (Bueding, 1950). All 
physiological studies were initiated within one hour of the death of 
the host. For studies involving worms not used for physiological 
purposes, techniques described by Duval1 and DeWitt (1967) were employed; 
hosts were over-anesthetized Nith nembutol-heparin, and schistosomes 
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Histochemical Studies 
Tetrazoliiun reductases were identified in adult worms by the use 
of tetranitro blue tetrazolium (TNBT, Sigma Chemical Company, St. Louis, 
Mo.) employing a technique adapted from Sedar and Burde (1965a, 1965b) . 
Flukes were mechanically removed and stored in schistosome saline, but 
for vital staining schistosomes were transferred to normal saline 
(0.85%), since pilot tests had indicated that some components present 
in schistosome saline caused precipitation of tetrazolium compounds. 
The stock solution of thyroxine (L-tetraiodothyronine) was prepared 
(1 mg/ml.) and stored at pH 6 (Naito, 1971). For use, this solution 
was diluted with Sorenson's 0.15 M phosphate buffer at pH 7.4 (Lillie, 
1965). Final incubations of adult worms were carried out in eight 
volumes of 0.85% NaCl, one volume of a tenfold concentration (5 mg./ml.) 
of TNBT dissolved in normal saline, and one volume of phosphate buffer. 
This buffer contained a tenfold (10 to 0.1 micrograms/ml.) concentration 
of thyroxine in test situations, but no thyroxine was added to control 
media. By means of a tuberculin syringe fitted with a millipore filter 
attachment the TNBT solution was added to the incubation mixture about 
30 minutes after all other components. 
Cytochrome oxidase was localized using a method adapted from Avers 
(1967). Prior to vital staining, experimental (thyroxine) and control 
(no thyroxine) groups of worms were incubated in 5 ml. of 0.15 M 
O A ^ ^  ^ f ^ 1» M ^  * • £ JC MM «iM TT *7 /» JC ^ MM 1 / O O # # mm A ^ ^ A MM ^ ^ ^ _ 
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ture. Two control groups were necessary; one for comparison with 
thyroxine, the other, an enzyme control, contained 0.010 M potassium 
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cyanide (KCN), which specifically blocks cytochrome oxidase. Experi­
mental groups of worms contained the same range of thyroxine concentra­
tions (namely 1.0, 0.1 and 0.01 micrograms/ml.) as were used in the 
tetrazolium experiments. Pilot tests indicated th?t thyroxine did not 
affect the ability of cyanide to inhibit cytochrome oxidase activity, 
so a control group containing these compounds was not routinely 
employed. 
A vital staining mixture containing 1.2 mg. of p-amino diphenylamine 
and 1.5 mg. of p-amino p'methoxydiphenylamine dissolved in 0.1 ml. of 
95% ethanol was prepared. Distilled water (0.9 ml.) was used to dilute 
this alcohol-chemical mixture to a final volume of 1.0 ml.; 0.1 ml. of 
this diluted mixture was then added to each of the control and experi­
mental groups of worms. Typically there were three to five worms in a 
total volume of 5ml. of Sorenson's phosphate buffer (with or without 
thyroxine) prior to the addition of this staining mixture. Staining 
progressed for up to one hour, the rate of this staining reaction being 
dependent on temperature. Schistosomes were then rapidly rinsed in 
cold distilled water and were fixed in 3% glutaraldehyde. Dehydration 
was accomplished in graduated changes of acetone-water, and finally 
pure acetone. They were next passed through a series of acetone-100% 
ethanol mixtures into 100% ethanol, then cleared in methyl salicylate 
and mounted on microscope slides with Permount. 
Peroxidases in Schistosomatium douthitti were identified using 
Avers' (1967) technique for cytochrome c peroxidases. The modifications 
described above for the histochemical identification of cytochrome 
oxidase were similarly employed in peroxidase studies. 
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Iodine Labelled Thyroid Compounds 
Thyroid glands, removed at autopsy from a rat two days after it had 
received 4 microcuries of 1-131 labelled sodium iodide, were homogenized 
in 5.0 ml. of phosphate buffered schistosome saline, to provide a source 
of iodine labelled thyroid compounds. After centrifugation and filtra­
tion to remove particulate debris, schistosomes were incubated in the 
soluble labelled thyroid compounds. After incubation, worms were 
removed and rinsed in five changes of saline, and a Geiger-Muller 
counter was used to determine the amount of labelled material taken up 
by the schistosomes. 
Respiratory Studies 
Studies with a Warburg respirometer, employing standard techniques 
described by Itobreit et al., (1959) provided additional information con­
cerning vitro effects of thyroxine and insulin on S_. douthittl. In 
studies of adult worms, oxygen consumption was determined from flukes 
maintained in schistosome saline (Bueding, 1950). Although 5mM 
glucose-schistosome saline was typically used, in one series of experi­
ments the effects of these hormones were examined over a wide range of 
glucose concentrations. Determination of the amount of glucose remain­
ing in the medium at the end of the experiment was made with a standard 
ortho-toluidine technique using prepackaged reagents obtained from Sigma 
Chemical Company (St. Louis, No.). Small amounts of hormoues aûJêu to 
the medium were suspended in phosphate buffer (as described above) and 
the total volume of buffer added was always less than 5% of the total 
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volume of schistosome saline in the flask. Thus, changes in relative 
concentrations of this salt solution were minimal. Identical tech­
niques to those described above for douthitti were employed to 
examine the effect of thyroxine on the respiration in the frog lung 
fluke Haematoloechus sp. 
Determination of oxygen consumption rates of cercariae (of 
douthitti and an unidentified strigeoid species), protozoa, and 
planarians was made in artificial spring water. A concentrated sus­
pension of cercariae was obtained by placing each infected snail in 
a separate container with a small (5 ml.) volume of clean spring water; 
appropriate phototactic stimulation effected emergence of cercariae. 
After about 90 minutes, the contents of each container were emptied 
into a Seitz filter funnel and as water was drained from the bottom of 
the funnel, concentrations of 200-300 cercariae per milliliter were 
routinely obtained. Concentrations were estimated by counting the 
number of cercariae in five 0.1 ml. aliquots, and determining a mean 
number per milliliter. Aliquots of cercarial suspensions were placed 
in each Warburg flask, and the appropriate experimental or control 
treatment was performed. This slight volume change necessitated re-
estimation of cercarial concentrations before respiratory rates at 
24° C. were determined. 
Respiratory studies of Tetrahymena pvriformis were performed in a 
similar manner to that described for cercariae, except that the sus­
pension of protozoa was obtained by centrifugation of cultured organisms 
followed by their resuspension in a small volume of spring water. 
39 
Protein Determinations 
Soluble proteins from 300-700 cercariae were extracted in the manner 
described by Bruce et al., (1971). Total proteins were prepared in a 
similar manner, except that an equal volume of 30% KOH was added to the 
cercarial suspension prior to sonication, and proteins were allowed to 
extract overnight. The suspension was again sonicated three times (at 
four hour intervals) the following day, and after overnight solubiliza­
tion, total (KOH-extractable) proteins were determined using a modified 
Lowry technique (Colowick and Kaplan, 1955, p. 449) employing bovine 
serum albumen as a standard. 
Developmental Studies 
Mature laboratory reared mice averaging 25 grams in weight were 
used in this study because they were expected to have lower basal 
metabolic rates than young animals. Groups of four, six, or eight 
sibling mice were maintained in separate cages; half the animals in 
each cage were randomly selected and marked as an experimental group; 
on alternate days they received subcutaneous injections of 20 micro­
grams of L-thyroxine dissolved in 0.2ml of phosphate buffer (above). 
The remaining animals were marked as controls and received subcutaneous 
injections of phosphate buffer alone, in an identical volume and 
schedule as the experimental group. After the thyroid state of both 
groups had stabilized (two to four days) they were exposed by wading 
in a suspension of pooled cercariae and sacrificed at desired intervals. 
Worms were removed using the technique of Duvall and DeWitt (1967), 
relaxed in tap water for ten to fifteen minutes, fi:ted in hot buffered 
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10% formalin, stained with Mayer's paracarmine and routinely dehydrated, 
cleared and mounted on microscope slides for subsequent examination. 
In obtaining schistosomes from thyroidectomized and normal rats, 
sibling pairs of female Sprague-Dawley rats weighing about 250 grams 
were anesthetized with ether and the thyroid glands surgically removed 
in one animal, but merely located in the other sham-operated control. 
Procedures for infection, collection and preservation of worms from 
rats were the same as those described for mice, except that each rat 
was exposed to approximately 2000 cercariae. 
To study the effects of insulin on the development iji vivo of 
douthitti, single intraperitoneal injections of alloxan monohydrate 
dissolved in normal saline at a dosage of about 200 mg. per kilogram 
body weight were used. This procedure is known to produce severe 
diabetes in rats and mice (Robinson, 1959a; Lazarow and Palay, 1946). 
Groups of sibling mice injected with identical volumes of normal 
saline served as controls; other procedures employed were the same as 
those described previously in the study of thyroid-related effects. 
Routine preparatory procedures for unrelated scanning electron 
microscopic studies of douthitti were adapted from Parducz (1967) 
and Marszalek and Small (1969). 
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RESULTS 
Endocrine Studies 
Uptake of iodine-labelled thyroid compounds 
A solution of iodine 131 labelled thyroid compounds was divided into 
four aliquots, and four corresponding groups of schistosomes (5 pairs of 
2" douthitti. aged 37 days in each group) were incubated in this solu­
tion. Group one schistosomes were fixed in 10% formalin prior to incu­
bation and incubated in thyroid-saline solution for eight hours; this 
group indicated the amount of labelled material passively adhering to 
the schistosomes. All other groups were living when placed in incuba­
tion medium. A second group was incubated in thyroid-saline for eight 
hours, and the third group remained in schistosome saline for four hours, 
after which it was transferred to labelled thyroid-saline for four hours. 
Group four schistosomes remained in schistosome saline for eight hours, 
and were placed in the labelled thyroid saline for 60 seconds prior to 
being rinsed. This latter group provided an estimate of the amount of 
labelled material passively adhering to live worms. At the end of the 
eight hour test period, each group was rinsed in five changes of 
schistosome saline, fixed in 10% formalin, and the amount of labelled 
material taken up by each group of schistosomes measure in a Geiger 
counter. 
Groups 1 and 4 measured 16.2 counts per minute and 11.5 cpm, 
respectively. Group 3 measured 118 cpm (four hours incubation) and 
Group 3, incubated for eight hours, measured 157 cpm. 
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Because only a small fraction of labelled iodine may have been 
incorporated into thyroxine, these studies are of questionable signifi­
cance. However, they do suggest that soluble iodothyroid compounds 
may be taken up from an incubation medium by douthitti adults. 
Histochemlcallv demonstrable effects of thyroxine 
Increased tetrazolium reductase activity was observed in thyroxine 
treated schistosomes (Figure 1). Tetrazolium reductases are believed 
to be flavoproteins and although uniform staining of the flukes was 
not always achieved, the effect of thyroxine was observed on both male 
and female flukes. 
Cytochrome oxidase activity is also greater in thyroxine treated 
male and female schistosomes (Figures 2 and 5) and the specific locali­
zation of this enzyme can be confirmed by comparison with similarly 
treated cyanide controls. Rogers (1968) has previously reported the 
presence of this enzyme in Schistosomatium douthitti. He reported a 
strong reaction in muscles underlying the gastrodermis, and a lesser 
reaction in sucker muscles, esophagus, esophageal glands and sub-
tegumental muscles. The weakest reaction was seen in the parenchyma, 
tegument, and sex organs, with the vitellaria reportedly not staining 
at all. In the present study, this enzyme has been observed in all 
reproductive structures including the vitellaria (Figure 5), as well 
as in the sites mentioned by Rogers (1968). In addition, cytochrome 
oxidase activity in the nervous system (Figure 3) was conxirmeJ alLci 
subsequent definition of this system (Figure 4) using the technique of 
Bueding et al. (1967). 
Plate 1 
Figure 1. Effect of thyroxine (1.0, 0.1 and 0.01 micrograms 
per milliliter) on tetrazolium reductases in 
Schistosomatium douthitti males. 
Figure 2. Effect of thyroxine (the same concentrations 
as above) on cytochrome oxidase in 
Schistosomatium douthitti males. 

Plate 2 
Figure 3. 
Figure 4. 
Figure 5. 
Figure 6. 
Cytochrome oxidase localization in the nervous 
system of douthitti (cf. Figure 4). 
Nervous system of S^. douthitti male, anterior 
end. 
Cytochrome oxidase localization in normal and 
thyroxine treated (0.1 micrograms per ml.) 
S. douthitti females. 
douthitti adults in pancreatic veins of 
mouse. Encapsulated eggs (arrows) indicate 
their presence cannot be attributed to post 
mortem migration. 
cw#: 
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Graph 1. Effects of two different concentrations of thyroxine 
(1 X 10 and 1 x 10"' grams per ml.) gn oxygen con­
sumption by douthittj. The higher thyroxine con­
centration has the most marked effect. 
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1.72 microliters of oxygen per hour while thyroxine treated pairs used 
2.26 microliters of oxygen per hour. These data are graphically repre­
sented with values of mean oxygen consumption per worm per hour, appro­
priate standard deviations, and a line of best fit as determined by the 
method of least squares in Graphs 2, 3, and 4. 
The effect of thyroxine was consistent regardless of such factors 
as age of the schistosomes, and the presence, absence, or concentration 
of glucose in the incubation medium. A discussion of factors which 
appear to affect oxygen consumption of Schistosomatium douthitti adults 
appears elsewhere. 
When the effect of thyroxine on adult schistosomes had been estab­
lished, it was thought that if this ability to respond to thyroxine was 
limited to adult schistosomes, considered to be one of the most highly 
evolved trematodes, this might represent a unique adaptation to 
parasitism. Studies on free living stages of this species, as well 
as on cercariae of a related digenetic flukes, protozoa, turbellaria 
and adult frog lung flukes (Haematoloechus sp.) were subsequently 
initiated. Results of these studies indicated that S_. douthitti 
cercariae also consume more oxygen when treated with thyroxine, and 
that this effect is enhanced by exogenous glucose (Table 10). One 
hundred untreated cercariae consume an average of 0.46 microliters of 
oxygen per hour, and a similar number of thyroxine treated cercariae 
consume 0.78 microliters of oxygen per hour. Agitation of the 
respirometer flasks during the eight hour trial period typically causes 
rupture of douthitti cercariae. Because such fragmentation of 
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Graph 2. Effect of thyroxine on oxygen consumption of 
2. douthitti males. Lines of best fit were 
determined by the method of least squares. 
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Graph 3. Effect of thyroxine on oxygen consumption of 
douthitti females. Lines of best fit were 
determined by the method of least squares. 
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Graph 4. Effect of thyroxine on oxygen consumption of 
douthitti males and females incubated together. 
Lines of best fit were determined by the method 
of least sauares. 
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Table 10. Effect of thyroxine and exogenous glucose on oxygen 
consumption of 2» douthitti cercariae 
Number of Microliters of Og consumed/100 cerc./hour 
Glucose (%) Observations Untreated Thyroxine treated 
0.00 5 0.57 0.78 
0.10 5 2.80 5.78 
1.00 5 5.57 8.17 
cercariae undoubtedly facilitates glucose utilization, the extreme 
increments seen in this study may be somewhat artificial, and should 
be interpreted with caution. 
An unidentified strigeoid species of cercariae from Lymnaea 
emarglnata also consumed more oxygen when treated with similar levels 
of thyroxine (Table 11), as did the frog lung fluke Hematoloechus sp. 
(Graph 5). Previous studies with free living invertebrates led Wingo 
and Cameron (1952) to conclude that the ciliate protozoan Tetrahymena 
geleiiconsumed more oxygen when treated with thyroxine, although Jenkins 
(1961) found no effect of thyroxine on the planarian Dugesia 
dorotocephala. In the present study, Tetrahymena pvrlformis cultures 
were used to reexamine this problem and results Indicated that such 
cultures, when treated with thyroxine, consumed more oxygen than did 
untreated controls (Graph 6), confirming the report of Wingo and Cameron 
(1952). In contrast, ettects opposite to those described by Jenkins 
(1961) were observed in seven trials with a planarian (Dugesia sp.) 
obtained from Southern Biological Supply Company. Increased oxygen 
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Graph 5. Effect of thyroxine (1.0 micrograms per ml.) on 
oxygen consumption by the frog lung fluke 
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Graph 6. Effect of thyroxine (1.0 micrograms per ml.) on 
oxygen consumption by Tetrahymena pyrlformis 
cultures. 
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Table 11. Oxygen consumption of an unidentified species of strigeoid 
cercariae in the presence of glucose (0.1-1.0%) 
Microliters of oxygen consumed per 
Treatment per 100 cercariae per hour 
Untreated 4.87 
Thyroxine (0.1 ug/ml) 6.50 
Thyroxine (1.0 ug/ml) 7.29 
Insulin (1 I.U./ml) 6.51 
Insulin (2 I.U./ml) 7.24 
Insulin (4 I.U./ml) 7.39 
consumption by thyroxine treated planarians was consistently seen; even 
when the untreated and treated groups were reversed and the effects of 
thyroxine examined days later, the hormone treated group always consumed 
more oxygen (Graph 7). 
These results established that thyroxine modifies the respiratory 
metabolism of douthlttl (as it did in all other invertebrates examined 
in this study) ^  vitro. Determination of iji vivo effects was hence 
considered necessary in order to establish a role of this hormone in the 
host-parasite relationship. 
In vivo effects of thyroxine on schistosome development 
Schistosomes from hyperthyrold mice are larger than comparable con­
trols (Figure 7). Male worms, 18-22 days old averaged 3.557 mm in 
length; comparable schistosomes from hyperthyrold mice measured 4.029 mm. 
A T test showed this difference to be statistically significant at the 
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Graph 7. Effect of thyroxine (1.0 micrograms per ml.) on oxygen 
consumption by Dugesia sp. Upper graph: a group of three 
planarians (solid line) consumed more oxygen when treated 
with thyroxine than the control group (dotted line). 
After three days in spring water, the same planarians 
are tastad again, tut the groups arc reversed (lover 
graph), so that the former controlgroup (dotted line) is 
now thyroxine treated (T-4, lower graph) and vice versa. 
In every trial, the thyroxine treated planarians con­
sumed more oxygen than the control group. 
Plate 3 
Figure 7. Photographie comparison of the average sizes of 
douthitti adults (left, males; right, females) 
from hyperthyroid and normal mice (see Tables 12, 
13). 
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97.5% confidence level (P < 0.025). Female schistosomes of similar 
ages from untreated mice averaged 2.692 mm. and those from hyperthyroid 
mice averaged 3.080 mm. in length. A T test also showed this differ­
ence to be significant at the 97.5% confidence level. Relative lengths 
of male and female £. douthitti adults aged 18-23 days, from hyper­
thyroid and normal mice are tabulated below (Tables 12 and 13, respec­
tively) . These data show the consistent effect of thyroxine over the 
range of ages examined. 
Differences between schistosomes from unisexual and bisexual in­
fections are discussed elsewhere. 
Abdel Wahab et al. (1971), in studies of Schistosoma mansoni, have 
similarly observed that worms from hypothyroid animals are smaller, 
and that those from hyperthyroid mice are larger, mature earlier, and 
produce more eggs, than do controls. The inflammatory process was also 
accelerated in hyperthyroid and slowed in hypothyroid mice. These 
authors further reported that mortality was similar in hyperthyroid 
and control animals, but that none of the hypothyroid mice died during 
the period 10-16 weeks after exposure (Abdel Wahab et al., 1971). In 
the present study, eight mice infected with 75-100 £. douthitti cercariae 
survived an average of 38 days after infection; comparable hyperthyroid 
animals survived an average of 29 days, and all of this group had died 
39 days after exposure. Worm burdens in each of the two groups were 
assumed to be similar, but this assumption was not empirically validated. 
Although Abdel Wahab and associates (1971) observed no difference 
in cercarial penetration of normal and hyperthyroid hosts, significantly 
lower penetration of hypothyroid animals was reported. No comparable 
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Table 12. Comparison of growth of douthitti males from hyperthyrold 
and normal mice 
Coefficient 
Age Type of V, Length Standard of Varia­ Statistical 
(days) infection T in mn. Deviation tion (%) Significance 
18 Unisexual 56 N 2.755 0.645 23.43 
.1 > P > .05 
62 H 3.391 0.970 28.59 
19 Unisexual 4 N 2.500 0.447 17.90 
sample too 
4 H 3.350 0.280 8.35 
small 
19 Bisexual 3 
1 
N 
H 
2.775 
3.000 
0.411 14.83 
sample too 
small 
20 Unisexual 5 N 1.740 0.067 11.43 
sample too 
4 H 2.487 0.390 15.67 
small 
21 Bisexual 10 N 2.882 0.679 23.56 
.2 > P > .15 
6 H 3.862 0.218 5.64 
22 Bisexual 184 N 3.924 0.925 23.21 
P < .0005 
59 H 5.347 0.951 17.79 
Average 262 N 3.557 
(See Figure 7) .025 > P > .01 
136 H 4.029 
^ - number of schistosomes measured. 
= treatment of host (N = normal mouse, H = hyperthyrold mouse). 
estimation of cercarial penetration was made at any time during the 
present study. However, the possibility was considered that the increased 
growth seen in schistosomes from hyperthyrold hosts might be related to 
facilitated penetration of cercariae, or faster migration of the 
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Table 13. Comparison of growth of douthltti females from hyperthyroid 
and normal mice 
Coefficient 
Age Type of Length Standard of Varia­ Statistical 
(days) infection T^ in mm. Deviation tion (%) Significance 
18 Unisexual N 67 2.251 0.300 13.32 
.1 > P > .05 
H 74 2.740 0.303 11.07 
19 Bisexual N 1 2.225 - -
sample too 
Both H 3 2.692 0.189 7.06 
small 
21 Bisexual N 4 2.637 0.888 13.12 
sample too 
4.66 
small 
H 2 3.412 0.159 
22 Bisexual N 94 3.121 0.788 25.24 
.05 > P > .01 
H 70 3.695 0.735 19.90 
23 Unisexual N 104 2.597 0.341 13.12 
.15 > P > .10 
H 114 2.931 0.399 13.62 
Average N 270 2.692 
(all females) (See Figure 7) .025 > P > .01 
H 264 3.080 
^ • treatment of host (N = normal mouse, H • hyperthyroid mouse). 
^ " number of schistosomes measured. 
schistosomule. In mice exposed to S_. douthitti cercariae, migration of 
the schistosomule through the skin to the circulatory system, and subse­
quent movement through the lungs and diaphragm to the liver and portal 
system takes three days (El-Gindy, 1951; Kagan et al., 1954). In order 
to exclude a possible role of thyroxine during schlstosomular migration, 
a second set of tests was conducted, in which 46 "hyperthyroid" mice 
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received thyroxine injections starting either two or four days after 
exposure to cercariae. 
Control male schistosomes from these studies averaged 3.858 mm. 
and those from thyroxine treated mice were 4.225 mm. (P < .05); control 
female schistosomes averaged 3.114 mm. and females from thyroxine 
treated mice were 3.603 mm. (P < 0.1). A detailed tabulation of these 
results appears below (Table 14). 
Although this difference in the length of female schistosomes is 
significant only at the 90% confidence level, and the effect of delayed 
thyroxine injections is not dramatic, these studies nevertheless indicate 
that 1) two to four day old schistosomes developing in the liver and 
portal vessels respond to increased thyroxine levels, and 2) the in­
creased growth of schistosomes in hyperthyroid mice is not specifically 
caused by more rapid migration of schistosomules to the liver. 
Development of schistosomes in thyroidectomized rats 
Confirmation of vivo effects of thyroxine on douthitti was 
obtained by comparing development in eight surgically thyroidectomized 
and eight sham operated rats. Male worms were significantly shorter 
(P < .01), averaging 2.719 mm. compared to controls which averaged 
3.330 mm. in length (Figure 8). Female schistosomes from rats averaged 
2.208 mm. and controls were significantly longer (Figure 8), averaging 
2.780 mm. in length (P < .01). Detailed results of this study are 
tabulated below (Table 15). 
Price (1931) reported that douthitti adults taken from rats 
are shorter than those parasitizing mice; the same phenomenon is seen 
Plate 4 
Figure 8. Photographie comparison of the average sizes of 
douthitti adults from surgically thyroidectomized 
and sham-operated control rats (see Table 15). 
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Table 14. Effect of delayed injections of thyroxine on the development 
of S. douthitti 
Age Type of 
(days) Infection Trt.^ 
Length 
in mm. 
Standard 
Deviation 
Coeff ici( 
of Varia 
tion (%) 
Males: 
22 Bisexual 184 C 3.924 1.069 27.26 
78 T-2 4.105 0.999 24.36 
23 Unisexual 104 C 3.725 0.426 11.43 
74 T-2 4.159 0.314 7.55 
23 Bisexual 19 C 3.958 0.821 20.74 
46 T-4 4.537 0.750 16.52 
All males 
(average) 
307 
198 
C 
T's 
3.858 
4.225 
Females : 
22 Bisexual 94 C 3.121 0.788 25.24 
64 T-2 3.602 0.656 18.21 
23 Bisexual 19 C 3.080 0.600 19.47 
18 T-4 3.607 0.484 13.42 
All females 
(average) 
113 
82 
C 
T's 
3.114 
3.603 
Significance 
P < .25 
.1 > P > .05 
,2 > P > .15 
.05 > P > .025 
.1 > P > .05 
.25 > P > .2 
.1 > P > .05 
^ » number of schistosomes measured. 
^rt. = treatment of mouse host (C = control, T-2 = thyroxine injec­
tions started 2 days after exposure to cercariae. T-4 = thyroxine injec­
tions started 4 days after exposure to cercariae). 
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Table 15. Comparison of development of douthitti adults from athyroid 
and normal rats 
Coefficient 
Age Type of 
if 
Vk Length Standard of Varia­ Statistical 
(days) Infection T in mm. Deviation tion (%) Significance 
Males: 
26 Unisexual 10 A 2.887 0.299 10.36 
.05 > P > .025 
9 C 3.592 0.668 18.59 
26 Bisexual 10 A 2.490 0.268 10.76 
.025 > P > .01 
12 C 3.248 0.322 9.92 
31 Bisexual 8 A 2.797 0.335 11.99 
.15 > P > .1 
10 C 3.195 0.266 8.32 
All males 28 A 2.719 
(average) (See Figure 8) .01 > P > .005 
31 C 3.330 
Females : 
26 Unisexual 12 A 2.307 0.246 12.09 
.1 > P > .05 
9 C 2.500 0.304 12.16 
26 Bisexual 7 A 2.453 0.459 18.70 
.2 > P > .15 
9 C 2.789 0.237 8.52 
31 Bisexual 13 A 2.805 0.777 34.78 
.1 > P > .005 
3 C 3.600 0.125 3.47 
All females A 2.541 
(average) (See Figure 8) .01 > P > .005 
C 2.781 
% a number of schistosomes measured. 
\ «= treatment of rat host (A = thyroldectomlzed, C = sham-operated 
control). 
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in the present study. My studies with rats also show that although 
thyroxine enhances growth, douthitti is able to develop to maturity 
in the absence of a source of host thyroid hormone. 
The identification of thyroxine and its precursors in invertebrates 
such as sponges, corals, annelids and molluscs (Gorbman, 1955) as well 
as Spangenburg's (1971) elucidation of thyroxine induced metamorphosis 
in the jellyfish Aurelia. indicate the widespread occurrence of this 
compound. Previously described positive effects of this hormone on 
trematodes (Comford, 1970; Abdel Wahab et al., 1971) and those seen 
in the present study possibly explained by, or related to the extensive 
distribution in nature, of thyroidal compounds. Generalizations that 
mammalian thyroid hormone has no direct effect on invertebrates (Williams, 
1968), or has no effects comparable to those seen in vertebrates (Prosser 
and Brown, 1961), now seem obsolete. 
Schistosome-pancreatic relationships 
When experimental evidence indicating the effects of thyroxine, a 
chemically simple compound of widespread natural occurrence had been 
gathered, studies were undertaken to determine the effects of insulin, 
a complex polypeptide known to occur principally in vertebrates. Post 
mortem examination of infected mice indicated that schistosomes some­
times move to areas of high insulin concentration. The observation of 
encapsulated eggs in pancreatic tissue and the location of douthitti 
adults in the smaller pancreatic veins (Figure b) suggested that their 
presence in this organ was neither transitory nor due to post mortem 
migration. 
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Because pilot tests (involving the use of histochemical techniques 
similar to those used in the thyroxine studies) indicated increased 
cytochrome oxidase activity in insulin treated schistosomes, respira­
tory studies were initiated. 
Effects of insulin on respiration of adults 
Concentrations of insulin ranging from 1-2 I.U. per milliliter 
cause an increase in oxygen consumption of douthitti adults. Un­
treated males consumed an average of 1.10 microliters per worm per hour; 
insulin treated schistosomes consumed 1.58 microliters of oxygen per 
worm per hour. Female schistosomes consumed an average of 0.44 micro­
liters of oxygen per worm per hour, but insulin treated females used 
an average of 0.64 microliters per worm per hour. Graphical presenta­
tion of these data with mean values of oxygen consumption per worm per 
hour, appropriate standard deviations, and a line of best fit determined 
by the method of least squares, appears in Graphs 8 and 9. Isserhoff 
and Read (1968) advocate the use of crystalline insulin in studies of 
this type because they believe soluble insulin may contain impurities. 
In this study, however, when crystalline insulin (Sigma Chemical Company, 
St. Louis, Mo.) at a concentration of 1.215 I.U. per milliliter was 
applied to male and female schistosomes, the effects seen in triplicate 
trials were the same as seen with soluble insulin. 
Determinations of the glucose remaining in the incubation medium 
&>iiuwcu iiO xCâLÎL. xii clic ôûlOuXXu Up by inculi,!! 
treated or by control male schistosomes. Calculations based upon the 
difference in oxygen consumption between control and treated schistosomes 
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Graph 8. The effect of insulin on oxygen consumption by S_. 
douthitti males. 
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Graph 9. The effect of insulin on oxygen consumption by S.. 
douthitti females. 
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suggested that differences in glucose uptake might not be detectable 
with the spectrophotometer (Spectronic 20, Bausch and Lomb, Rochester, 
New York) used in this study. 
Insulin facilitates the uptake of potassium ions (Klostermeyer 
and Humbel, 1966) and in Schistosoma mansonl potassium is known to 
markedly stimulate metabolism (Bueding, 1950) as well as other parasitic 
helminths (von Brand, 1966). The possibility that effects of insulin 
seen in the present study may be potassium mediated in addition to, or 
alternatively to being glucose mediated, must also be considered. 
Esch (1969) noted that high concentrations (1 I.U./ml.) of insulin 
and long term (eight-hour) incubations were necessary in order to demon­
strate increased glucose uptake, lactic acid production and glycogenesis 
in his studies with Taenia crassiceps cysticerci. He also reported 
that these effects were not observed in short term (two-hour) incuba­
tions. In the current investigations, similarly high hormone concen­
trations (1-2 I.U./ml.) and eight-hour incubations were employed. 
Plasma insulin levels vary with nutritional state, and ranges of 
10-30 pU/ml. in the sheep (Trenkle, 1970) to 20-100 liU/ml. in man 
(Klostermeyer and Humbel, 1966), have been reported. Because approxi­
mately half of the insulin from the pancreas is degraded in the liver 
before it can be circulated (Klostermeyer and Humbel, 1966), levels in 
the pancreatic vein, where schistosomes may be found, are therefore 
about twice those stated above. The half life of insulin is about 30 
minutes in man (Klostermeyer and Humbel, 1966), but only 12-13 minutes 
in the sheep (Trenkle, 1971). These reports demonstrate the difficult 
nature oî attempting to duplicate 'iy.Ç, inp'jjf in levels during in vitro 
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trials of eight hours, as in the present study. Assuming that the half 
life of insulin in schistosome saline is similar to the above values, 
physiological levels of the hormone would be present in the medium 
approximately half way through the incubation period. 
Even though the results obtained in the current investigations 
cannot be considered to duplicate natural conditions in all respects, 
indications that these levels of insulin may directly affect a schisto­
some are of some biological significance, particularly when in vivo 
insulin mediated effects (discussed below) are considered. It should 
also be noted that high levels of insulin are employed in other 
instances; for example, the human pancreas releases 25-50 I.U. each day 
(Klostermeyer and Humbel, 1966), but diabetics are typically controlled 
with 40-60 I.U. per day and an occasional individual requires several 
hundred or several thousand units daily (Physicians Desk Reference, 
1972, p. 854). 
Effects of insulin on respiration of cercariae 
Insulin treated douthitti cercariae consume more oxygen than 
do comparable controls. One hundred untreated cercariae consume an 
average of 0.56 microliters of oxygen per hour, whereas insulin treated 
organisms consume 0.90 microliters of oxygen per 100 cercariae per 
hour. This effect is enhanced by a source of exogenous glucose, and 
increments in either glucose or insulin concentrations result in 
comparable increments in oxygen consumption. Kesulcs of chese sLudies 
are tabulated below (Table 16). 
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Table 16. Effects of insulin on oxygen consumption of S^. douthitti 
cercariae 
Microliters of 0^ consumed/100 cercariae/hour 
Glucose Insulin Cone. 
Cone. (%) Control Insulin (I.U./ml) 
0.00 5 0.57 2 0.90 2 
0.10 5 2.80 3 3.73 1 
3 4.05 1.2% 
2 7.51 2 
Average 4.79 2 
1.00 5 5.57 1 12.00 2 
1 5.06 2 
1 7.10 2 
2 6.80 2 
Average 8.75 
^ = number of replications. 
Crystalline insulin, Sigma Chemical Company. 
As mentioned elsewhere, the rupture of cercariae of this species 
facilitates glucose utilization and the extraordinarily high oxygen 
consumption values of glucose treated cercariae should consequently be 
interpreted with caution. 
Effects of insulin on strigeoid cercariae 
Cercariae of an unidentified strigeoid species also utilize more 
AW A W  ^  ^  ^ «m J j  ^« 1 ^   ^^ 1 A 1 1 \ A 1^ 1 /4 ^  A ^  W«9W44\,.U> W i. W O W \ ^  w* t-' ^  / • w •— W ^  
control cercariae consumed an average of 4.87 microliters of oxygen per 
hour and insulin treatment (1 I.U./ml.) of comparable cercariae resulted 
in an average oxygen consumption of 6.51 microliters per hour; other 
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oxygen consumption values of comparable insulin treated cercariae were 
7.24 microliters per hour (2 I.U./ml.) and 7.39 microliters per hour 
(4 I.U./ml.). 
Development of schistosomes in alloxanized mice 
Destruction of the insulin-producing pancreatic beta cells by 
injecting alloxan was used as a means of determining insulin related 
effects in vivo. Twenty-two day old male schistosomes from alloxanized 
mice averaged 3.475 mm. in length and comparable controls were signif­
icantly larger (P < .0005), averaging 4.108 mm. Female schistosomes 
from alloxan treated mice averaged 3.267 mm. and the larger controls 
averaged 3.545 mm.; this difference was also significant (P < .05). 
Data from alloxan studies are tabulated in Table 17 and represented 
in Figure 9. 
Fewer schistosomes were recovered from alloxan treated mice than 
from controls; the former group had an average of 8.5 schistosomes per 
mouse, but 13.1 schistosomes per mouse were recovered from the control 
group. Robinson (1959a), too, recovered fewer worms in his studies of 
mansonian schistosomiasis in alloxanized mice, but apparently did not 
consider possible differences in the length of the worms. As is typical 
of the diabetic state, alloxanized mice consume more food and water than 
did the control animals. In two of twenty-five alloxanized mice, gross 
pathological changes were seen at autopsy. The liver was darkened and 
its typically sharp free borders were rounded. Extensive adhesions be­
tween the abdominal viscera and the liver were seen. In more than half 
of the alloxanized mice, some slight degree of fibrosis between the 
Plate 5 
Figure 9. Photographie comparison of the average sizes of 
douthitti adults from normal and alloxanized 
diabetic mice (see Table 17). 
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Table 17. Comparison of development of 22 day old douthitti adults 
from alloxanized and normal hosts 
Number of 
Type of Treatment Schistosomes Length Standard Statistical 
Infection of Host Examined in mm. Deviation Significance 
Males: 
Unisexual Alloxan 26 3.472 0.270 
Bisexual Alloxan 125 3.488 0.563 
Average Alloxan 151 3.475 
P < .0005 
Bisexual Control 93 4.108 0.519 
Females : 
Bisexual Alloxan 65 3.267 0.407 
.05 > P > .02! 
Control 68 3.545 0.360 
liver, diaphragm and intestines was seen. In studies with intra-
peritoneally injected alloxan in the rat, Lazarow and Palay (1946) 
reported these liver lesions to be restricted to the free edge of the 
lobes with little or no necrosis of the deeper liver cells. It there­
fore seems unlikely that the pathological changes in the liver modified 
schistosome development in any way. 
A minimum of 60 hours elapsed between the time of alloxanization 
and exposure of the mice to cercariae. Since alloxan is rapidly de­
stroyed in the body fluids or in the blood (Lazarow and Palay, 1946), 
the possibility that results obtained in the present study might be 
related to a direct effect of alloxan on douthitti seems highly un­
likely . 
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Alloxan diabetes is characterized by increased breakdown of fatty 
acids and proteins and subsequent conversion to glucose (gluconeogenesis). 
In addition, the lack of insulin also results in marked hematological 
changes, namely: hyperglycemia, azotemia, lipemia and ketonemia. Any 
one of these factors, or any combination of them, might be responsible 
for the effects seen in the present study and any attempt at explanation 
would be highly speculative. Since schistosomes are sensitive to 
hematological changes of the host (Robinson, 1959a, 1959b) it is possible 
that insulin affects schistosomes in a more indirect than direct manner. 
Nevertheless, these studies indicate that douthitti can respond in 
vivo to changes in insulin levels of the mouse host. 
Other Studies on douthitti 
Respiratory studies of cercariae 
The rate of oxygen consumption and the effect of exogenous glucose 
on this rate is indicated in Table 10. At 24° C., douthitti cercariae 
consume an average of 0.57 microliters of oxygen per one hundred 
cercariae per hour, 2.80 microliters per one hundred cercariae per hour 
with 0.1% glucose, and 5.57 microliters per one hundred cercariae per 
hour in the presence of 1.0% glucose (Table 10). In studies with 
mansoni, Bruce et al,, (1971) observed that three hour old cercariae 
consumed less oxygen in the presence of glucose, but that 18 hour old 
relationship between cercarial disintegration and the elevated respira­
tory rates of glucose treated cercariae is discussed elsewhere. 
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In the absence of glucose, respiratory rates observed in the two 
studies compare favorably; Bruce et al. (1971) indicated that 6.557 
microliters of oxygen per 1000 mansoni cercariae were consumed each 
hour (at 26° C.); 5.68 microliters per 1000 cercariae per hour (at 24° C.) 
were measured in the present study. 
Determination of protein content of S_. douthitti cercariae per­
mitted expression of oxygen consumption rates per unit protein, and 
afforded additional comparisons with other published data. Triplicate 
determinations from approximately 300-700 douthitti cercariae indi­
cated that soluble and potassium hydroxide extractable (total) proteins 
from this species were 1.37 micrograms and 2.72 micrograms of protein 
per one hundred cercariae, respectively. Values of cercariai protein 
and oxygen consumption per unit protein determined in the present study 
compare favorably with those from previous reports (Table 18), except 
that the apparent discrepancies with Rogers' (1968) studies are inexpli­
cable. 
Respiratory studies of adults 
Effect of Crowding A variety of factors have been reported 
to influence oxygen consumption in helminths, such as age, size (Vernberg, 
1968), glucose (Bueding, 1950), and the number of worms per unit volume 
of incubation medium (Esch, 1969). Some of these factors may be related 
to variations in oxygen comsumption of adult schistosomes seen in the 
present study. Table 19 suggests that crowding of this species appears 
to inhibit oxygen utilization by S. douthitti males in vitro. When there 
are 1.0-2.0 male schistosomes per milliliter of saline, an average of 
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Table 18. Cercarial protein and oxygen consumption values 
Species 
Micrograms of 
Protein per 
Cercaria 
Microliters of 0^ 
Consumed/Hour/Micro­
gram of Protein 
Tempera­
ture °C. Reference 
Gynaecotyla 
adunca 
0.017 
(0.0027 
ug N) 
5.31 
(0.085 ul. 
per ug N) 
30 Vernberg 
and 
Hunter, 
1959 
Zoogonus 
rubellus 
Himasthla 
quissetensis 
Schistosoma 
mansoni 
0.525 
(0.084 
ug N) 
2.19* 
(0.35 
ug N) 
0.043 
0.018 
(soluble protein) 
Schlstosomatium 0.027 
douthitti (KOH extracted) 
0.014 
(soluble protein) 
Schlstosomatium 
douthitti 
9.45 
(1.56 ul. 
per ug N) 
5.19* 
(0.83 ul. 
per ug N) 
0.152 
0.364^ 
0.210 
0.414 
0.0287 
24 
24 
26 
26 
24 
24 
Vernberg. 
1961 
Vernberg, 
1961 
Bruce et 
al., 1971 
The pres­
ent study 
Rogers, 
1968 
Estimations based on the assumption that one unit of N is approxi­
mately equal to 6.25 units of protein. Smyth (1966) notes that this 
factor was derived from analyses of vertebrate tissues, and applications 
to trematodes should be made with caution. 
^Bruce et al., (1971) incorrectly lists this value as 36 ul/mg protein/ 
hour, but calculations based on values given in the text of this paper 
Indicate the value to be 364 ul/mg protein/hour. 
1.823 microliters of oxygen per worm per hour are consumed, but when 11-
16 schistosomes per milliliter of saline are present the oxygen consump­
tion rate drops to an average of 0.869 microliters per worm per hour. 
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Table 19. Oxygen consumption rates of douthitti adults in schistosome 
saline (Bueding, 1950) at 37.5° C. (Oxygen consumpt. = O2 
consumed per schistosome per hour) 
Number of Schistosomes 
Age and sex of Glucose Oxygen ^ ^ 
schistosomes Cone. (%) Consumption N per flask per ml. 
Females : 
34 (days)^ 0.00 0.152 3 14 (4.6) 
34^ 0.09 0.495 3 14 (4.6) 
31 0.09 0.333 2 12 (4.0) 
38 0.09 0.562 3 22 (5.5) 
Males; 
43 0.00 0.812 1 2 (1.0) 
36 1.50 1.500 1 4 (2.0) 
48 0.20 4.560 1 3 (1.5) 
54 2.00 1.560 1 4 (1.3) 
59 2.00 1.254 2 4 (1.3) 
31*^ 0.00 0.501 2 12 (4.0) 
31^ 0.09 0.753 3 12 (4.0) 
38 0.09 0.630 3 16 (4.0) 
42 0.09 1.595 3 11 (5.5) 
^Oxygen Consumption = microliters in oxygen consumed per worm 
per hour. 
= number of replications on which oxveen consumption data 
is based. 
"^Denotes a trial in which effects of glucose were examined in 
schistosomes from the same host. 
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The crowding effect has also been demonstrated vivo by studies 
showing an inverse relationship between worm burden and helminth size 
(Haley, 1962; Rankin, 1937; Read, 1951; Watertor, 1965). Boddeke 
(1960) also observed this crowding effect in Prosthogonimus ovatus from 
the bursa Fabricius but not in the same species of fluke from oviducts 
of avian hosts, and Dawes (1962) in extensive studies reported no differ­
ences in the size of Fasciola hepatica adults from mice infected with 
small or large numbers of flukes. 
In the present study the lengths of approximately 900 schistosomes 
from 57 mice, infected with worm burdens ranging from one to 87 S^. 
douthitti adults, were statistically examined for the presence of a 
crowding effect. A regression analysis of schistosome length on worm 
burden indicated that flukes from heavily infected hosts were of almost 
identical size to those from mice with light infections. 
The in vitro crowding effect seen in respiratory studies can be 
probably attributed to a depletion of nutrients and/or a build up of 
metabolic end products. It seems probable that the crowding effect 
reported in vivo studies is related to competition among parasites 
or between the host and parasites for nutrients and occurs in all 
enteroparasitic helminth species examined to date (Haley, 1962; Rankin, 
1937; Read, 1951; Watertor, 1965). The suppressed growth of flukes 
from the bursa Fabricius (Boddeke, 1960) might be related to some 
iTinsunologlcal factors, and the gbsfnc? of a r.rnwdino effect in studies 
of liver flukes (Dawes, 1962) and blood flukes (the present study) can 
be attributed to a constant supply of nutrients as well as a continual 
removal of parasite waste products by host mechanisms. 
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Effect of glucose Oxygen consumption of male and female 
schistosomes is greater when glucose is present in the incubation medium 
(Graph 10). Rogers (1968) claimed that the presence or absence of 
glucose in the incubation medium had no effect on oxygen uptake of S^. 
douthltti, when measured over a two-hour period. It is not known 
whether Rogers compared the effect of glucose on schistosomes from more 
than one, or from a single definitive host, as was done in the present 
study and in Bueding's (1950) study of mansoni. Bueding (1950) was 
able to demonstrate increased oxygen consumption in two-hour incubations 
of glucose treated mansoni, but Rogers (1968) did not observe the 
same effect in douthitti. This apparent discrepancy might be related 
to the fact that the former author used 0.005 M glucose (0.09%) while 
0.05 M glucose (0.90%) was used in Rogers' (1968) studies of douthitti. 
Glucose may be initially broken down anaerobically to lactic acid by 
schistosomes. Subsequent aerobic utilization of lactic acid, presumably 
via the TCA cycle, is apparently delayed (perhaps for more than two 
hours) when high concentrations of glucose are present. This explana­
tion would be consistent with Roger's (1968) observation that douthitti 
adults produce increased amounts of lactic acid when an exogenous source 
of glucose is present. 
Effect of antibiotics The addition of a mixture of antibio­
tics (2000 units of penicillin, 500 units of streptomycin, and 0.2 mg 
of aa&r&w per milliliter) to the incubation zcdicz containing S_: 
douthitti adults resulted in a decrease in oxygen consumption ranging 
from 11-20%. Subsequent tests suggested that this decrease was due to 
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Graph 10. Relationship between oxygen consumption rate of 
douthitti males and concentration of exogenous 
glucose. Each triangular point represents an 
oxygen consumption rate for schistosomes from 
one mouse host. The number of replicates from 
which each particular rate is determined, is in­
dicated in parentheses. Circular areas on the 
graph (at 0.0%, 0.09% and 2.0%) represent overall 
mean oxygen consumption rates at those particular 
glucose concentrations. 
Plate 6 
Figure 10. Photographie comparison of the average sizes of 
douthitti adults from mice maintained in a 
25° C. environment and those maintained at 19° C. 
(see Table 20). 
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a direct effect of the antibiotics on the schistosomes rather than to an 
inhibition of oxygen utilization by bacterial contaminants. 
In repeated trials, schistosomes were removed from the incubation 
medium at the end of an eight hour test period, and subsequent determina­
tion of oxygen consumption by this medium in the absence of antibiotics 
consistently indicated that less than two microliters of oxygen were 
consumed over a second eight hour period. 
In a similar set of experiments, schistosomes were removed from 12 
flasks at the end of an eight hour determination, antibiotics were added 
to six of the flasks, and oxygen consumption of all 12 flasks was then 
measured for eight hours. Oxygen consumption was negligible in both 
antibiotic and untreated flasks during this second incubation period. 
Effects of temperature on development of douthitti 
Data obtained in the present study suggest that schistosomes may 
grow larger when the mouse host is maintained in a warm environment 
(25-26° C.) rather than at a cooler temperature (19-20° C.) (Table 20 
and Figure 10). 
As indicated below, temperature is known to affect sporocyst 
development in douthitti (Graph 12). Dery (1960) has reported that 
development of adults of this species is arrested when the squirrel 
host hibernates, and that normal growth is resumed when hibernation 
ceases. The fact that a significant difference in the length of female 
schistosomes, but not males, was seen in the present study may be 
related to the different ages and genotypes of mice in the two tempera­
ture groups. These experiments were the only instance in the entire 
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Table 20. Effects of temperature at which the mouse host is maintained 
on the length of 22 day old douthitti adults from bisexual 
infections 
Sex Temperature N Length (mm.) 
Standard 
Deviation 
Statistical 
Significance 
Males 19-20 (°C.) 184 3.923 1.069 
.2 > P > .15 
25-26 93 4.108 0.519 
Females 19-20 94 3.121 0.788 
.05 > P > .025 
25-26 68 3.545 0.360 
study in which sibling pairs of mice were not equally divided between 
the two experimental groups. The data nevertheless suggest that the 
temperature at which a non-hibernating mammal host is maintained can 
modify the development of Schistosomatium douthitti adults, and further 
studies of this phenomenon are warranted. 
Three groups of infected L. emarginata, exposed to 3-5 douthitti 
miracidia per snail, were maintained at temperatures of 26° C., 22° C. 
and 18° C. respectively. As Graph 12 indicates, none of the snails 
maintained at 26° C. survived thirty days after exposure to miracidia. 
Of 40 snails maintained at 22° C., 15 (37%) survived 80 days after 
exposure to miracidia; six of these 40 snails (15%) shed ceraciae, 
with incubation periods ranging from 40 to 52 days. This period (40-52 
days) is similar to that observed by Kagan et al. (1854) in their studies 
of 1^. palustris maintained in an air conditioned laboratory. The third 
group of snails was maintained at 18° C. for 53 days, and the water 
temperature was then slowly raised to 22° C. Fifty-two per cent of 
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Graph 11. Oxygen consumption of male and female douthitti 
(in the absence of the opposite sex), and mixed sex 
determinations. When determinations are made in 
the presence of the opposite sex (mixed), the oxygen 
consumption rate per schistosome is greater than the 
rate intermediate between males and females, suggest­
ing that adults of this species consume more oxygen 
in the presence of the opposite sex. 
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Graph 12. The effect of water temperature on development of 
douthitti in the snail Lymnaea emarginata. 
these snails survived 100 days after exposure to miracidia; 10 snails 
(25%) shed cercariae, and the incubation periods ranged from 73-99 
days. In another group of 16 infected snails maintained at 18° C., 
ten (62%) survived 138 days after exposure to miracidia; four snails 
(25%) shed cercariae and the incubation periods ranged from 118 to 137 
days. 
Increased survival rates, and higher percentages of infection in 
I^. palustris exposed to S^. douthitti miracidia and maintained in an air 
conditioned laboratory have been reported by Kagan et al. (1954). The 
present studies, however, suggest that water temperature not only affects 
maturation of sporocysts, but may also be a factor contributing to the 
geographical limitation of this species of schistosome to the cooler, 
more northerly locations. 
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Interaction between male and female schistosomes 
In the course of this study, male schistosomes consumed 15.04 ± 1.43 
microliters of oxygen during the eight hour trial periods, and females 
consumed 3.53 ± 1.43 microliters of oxygen. S_. douthitti females 
apparently consume about one fourth the amount of oxygen that males 
utilize, and it can be predicted that a pair of adult schistosomes would 
consume (15.04 + 3.52 f) 18.56 microliters of oxygen per eight hours. 
However, increased oxygen consumption occurs when worm pairs are incu­
bated together; in this study, worm pairs consumed an average of 27.52 ± 
2.47 microliters of oxygen per eight hours (Table 21, Graph 11). 
It should be emphasized that increased oxygen consumption occurs 
when schistosomes of the opposite sex are present regardless of whether 
or not the worm pairs are in copula, suggesting that this may be a 
chemotactic, rather than a thigmotactic response. Throughout this study 
it was noted that only very rarely will a male and female pair of 
douthitti adults remain in copula during an eight hour period of gentle 
agitation in the respirometer flasks. When douthitti adults are 
incubated in the presence of schistosomes of the opposite sex, oxygen 
consumption is increased by approximately 50% in comparison to oxygen 
consumption rates of separate sexes (Table 21). 
These results indicate that some type of metabolic interaction 
between male and female £. douthitti adults occurs, and this inter­
action may be related to Roger's (1968) observation that some enzyme 
activities are higher in adult worms are higher in copula than in those 
after separation. Interaction between the sexes has also been reported 
in other in vivo studies of schistosomes- Moore tr'X . (195^) for 
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Table 21. Oxygen consumption of douthitti males, females and worm 
pairs. (Oxygen consumption is expressed in microliters of 
oxygen consumer per worm, or worm pair, per unit time). 
Oxygen Consumption per Hour 
Oxygen Consumption In the absence of In the presence 
Per Eight Hours the opposite sex the opposite sex 
Males 15.04 ± 1.43 1.88 2.79* 
Females 3.52 ± 0.18 0.44 0.65* 
Pairs—expected 18.56 2.32 -
Pairs—observed 27.52 ± 2.47 - 3.44 
^Estimated from the assumption that one male schistosome consumes 
4.27 times as much oxygen as a female. 
example, established the dependency of Schistosoma mansoni females upon 
mature males in order for the females to attain maturity, and Short 
(1952a) noted that the presence of males promoted growth of females in 
2» douthitti infections. 
In the present study, 23 day old male schistosomes from unisexual 
infections (averaging 3.725 ± 0.426 mm.) were not significantly smaller 
than comparable males from bisexual infections, which averaged 3.958 ± 
0.821 mm. In contrast, female worms of the same age from unisexual 
Infections (2.596 ± 0.341 mm.) were smaller than those from bisexual 
infections (3.080 ± 0.599 mm.) and this difference was significance at 
the 90% confidence level (P < .1). 
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Another example of in vivo interaction between sexes is seen in 
Armstrong's (1965) recent study of mating behaviour and development in 
Schistosoma mansoni, Schistosomatium douthitti, and Heterobilharzia 
americana. This author suggests a pheromone-like substance produced 
by the male is essential for the initiation and maintenance of the 
female schistosomes maturation. 
These studies indicate that relationships between male and female 
schistosomes are highly sophisticated, and that consideration of inter­
action between the sexes should not be overlooked in studies of host-
parasite relationships of these sexually dimorphic helminths. 
Tegument 
Ultrastructural studies show the tegument of douthitti males 
and females to be distinctively different, as demonstrated in a scanning 
electron micrograph of a schistosome pair in copula (Figures 11 and 12). 
The male tegument is irregular and reticulate (Figures 12, 13 and 15) 
and protrusions thought to be sensory receptors may be seen within 
tegumentary depressions (Figures 13 and 15). Numerous tegumentary 
spines line the gynocophoric canal (Figure 16) and spines are also 
prominent within the acetabulum (Figures 17, 18 and 19) and oral 
sucker (Figure 20). 
The tegument of douthitti females is much more uniform and 
regular, with periodic cylindrical depressions (Figures 12 and 14). 
Spines are apparently restricted to the oral sucker and acetabulum, 
and projecting peg-like structures (Figure 14) are hypothesized to be 
sensory receptors. 
Plate 7 
Scanning electron micrographs 
of Schistosomatium douthitti 
Figure 11. douthitti adults in copula, showing relationship 
of the female to the gynocophoric canal of the male. 
The rectangular area outlined is illustrated in 
Figure 12. 50X. 
Figure 12. douthitti adults in copula, showing differences 
in the tegument of the male (left) and female (right). 
1500X. 
Figure 13. High magnification of the surface of the forebody 
male. The structure projecting from a tegumentary 
depression (arrow) is hypothesized to have a sensory 
function. 5000K. 
Figure 14. Female tegument, high magnification. Projecting 
structures (arrows) are believed to have a sensory 
function. 4800X. 
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Plate 8 
Scanning electron micrographs of douthitti adults 
Figure 15. Male tegument (posterior hindbody, near the 
gynocophoric canal). Spines are prominent, and 
structures believed to be sensory receptors 
(arrows) protrude from the reticulated tegument. 
4800X. 
Figure 16. Gynocophoric canal. Even though the gynocophoric 
canal is extensively spined, the reticular nature 
of the male tegument can be seen between the 
spines. 4800X. 
Figures 17, 18 and 19. Acetabulum of an adult male. 
Figure 17. lOOOX. 
Figure 18. Spines on the acetabular margin are oriented 
towards the center of the acetabulum for 
maximum efficiency. 2400X. 
Figure 19. Acetabular spines are stouter than those of 
the gynocophoric canal. 4800X. 

Plate 9 
Scanning electron micrographs of douthitti 
Figure 20. Oral sucker of male. Note reticulated tegument 
close to the oral sucker. Numerous villifonn 
projections (arrows) seen near the oral sucker 
are found in both male and female schistosomes. 
800X. 
Figure 21. Cercarial body. 1400X. 
Figure 22 and 23. Cercarial body tegument. The spinose 
nature is distinctive. Arrows indicate possible 
sensory receptors. 4300X. 
100 
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Close to the oral sucker in both males and females, small villiform 
appendages of undetermined function may be seen (Figure 20, for example), 
and the random orientation of these structures suggests that they are 
highly flexible. Ancillary observations show the cercarial forebody to 
be uniformly tuberculated (Figures 21, 22 and 23). 
These observations suggest differing functions of the tegumentary 
systems in S_. douthitti males and females. Rogers (1968) reported that 
males of this species consumed more oxygen, utilized more glucose and 
excreted more lactic acid per unit weight of protein than did females. 
The reticular nature of the male tegument is a modification which in­
creases surface area, permits more efficient exchange, and is apparently 
a factor contributing to the increased physiological activities seen in 
§.• douthitti males. 
Additional Studies on the Life Cycle 
Intermediate hosts 
Seasonal variations of infected molluscs In the course of 
collecting and maintaining animals infected with Schistosomatium 
douthitti. additional information pertaining to the biology and life 
cycle of this species has been collected. These findings, although not 
directly related to the effects of host hormones on parasites, are 
presented below with a brief discussion. 
Numbers of lymnaeid snails (L. emarginata and L. sLagnalis) were 
collected from a roadside ditch in Cheboygan County, Michigan, and 
examined within ten days after collection to determine whether or not 
they were shedding S^. douthitti cercariae (Table 22). Collection 
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Table 22. Summary of natural infections of douthitti in snails 
Year 
Number 
Examined 
Fall 
Number 
Infected 
% 
Infected 
Number 
Examined 
Spring 
Number 
Infected 
% 
Infected 
L. emarginata 
1968 421 13 3.1 743 68 9.3 
1969 382 11 2.9 519 81 15.6 
1970 742 33 4.4 603 52 8.6 
1971 503 24 4.7 - - -
L. stagnalis 
1968 123 0 0 223 2 0.9 
1969 85 0 0 192 4 2.0 
1970 47 0 0 57 1 1.7 
dates were in the spring (between May 25 and June 9) and fall (between 
August 25 and September 5). 
The data presented above do not include infected snails which were 
not shedding cercariae immediately after being collected; typically, 
about two per cent of the snails not shedding S^. douthitti cercariae 
when first examined, were observed shedding them approximately four 
weeks later. An increased frequency of parasitized snails occurred in 
fall, a phenomenon which has been observed by previous investigators 
(Markov and Rogoza, 1953; Mollis, 1972). The most striking observation 
suggested by these seasonal studies is that this parasite overwinters 
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in one species of snail (L. emarginata), but apparently does not in the 
other (L. stagnalis). Because these findings suggest that development 
of sporocysts is inhibited by low temperatures, laboratory studies were 
undertaken to establish this relationship (discussed above). 
Effect of snail host on cercarial production In the present 
study, infected L. emarginata were typically observed shedding 100-300 
douthitti cercariae per night; a mucus-like substance, presumably of 
snail origin kept the cercariae clustered together in the collecting 
dish, usually relatively motionless on the top surface of the water. 
Infected L. palustris, in contrast, usually shed 200-400 cercariae per 
night, but little mucus was observed, and these cercariae were commonly 
distributed evenly throughout the container, actively swimming tail up 
at an angle of about 45° in the water. A positive correlation between 
numbers of cercariae produced and the size of the snail has been observed 
in other studies (Kagan et al., 1954), and probably accounts for these 
interspecific shedding frequencies. Another unusual observation is that 
relatively large numbers of _S. douthitti cercariae can be obtained from 
infected L.»emarginata by placing the snails in the dark two hours, then 
in the light for thirty minutes, and their subsequent return to the 
dark (in a fresh change of spring water) for thirty minutes. Although 
numbers of emerging cercariae decrease each time the cycle is repeated, 
after three consecutive cycles, between 50-100 cercariae were shed. In 
comparison, studies with L. palustris show that this species of snail 
sheds many cercariae in the first cycle, but less than 20 cercariae 
when the cycle is repeated. Apparently, £. douthitti would be well 
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suited to further investigations concerning the response of different 
species of molluscan hosts to trematode parasitism. 
Multiple infections of L. emarginata L. emarginata collected 
from Cheboygan County, Michigan, were routinely observed shedding three 
different species of cercariae, namely, 1) douthltti cercariae, 2) 
cercariae of an unidentified strigeoid species, and 3) an unidentified 
species of xiphidiocercaria. The relative frequency of parasitism of 
these three cercarial species in a group of 426 snails collected in 
August, 1970, is presented below (Table 23). 
Records from single infections suggest that one might predict 
approximately 2.5 times as many snails (76:31) to have dual infections 
of douthitti and xiphidiocercariae as douthitti and strigeoid 
cercariae, rather than the ratio of 3.6 (11:3) observed in these dual 
infections. If the relatively small frequency of dual infections of 
douthitti and strigeoid cercariae observed in this instance could be 
validated in future studies, interesting biological relationships may 
be elucidated. The factors responsible for this phenomenon are unknown, 
but it is of interest that Lie et al. (1968) for example, described a 
low frequency of dual infections in snails parasitized concurrently 
with an echinostome and other trematode species, and subsequent studies 
showed this to be the result of echinostome rediae engulfing these other 
trematode larvae. In species such as schistosomes and strigeoids which 
lack redial stages, other factors are probably involved. 
Sex of cercariae from naturally infected snails In October, 
1969, the sex of douthitti cercariae from 26 naturally infected L. 
emarginata was determined; 14 snails (53.8%) shed male cercariae, 10 
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Table 23. Cercarial parasites of Lymnaea emarginata 
Single Infections 
xiphidiocercariae 76 
strigeoid cercariae 31 
S. douthitti cercariae 41 
Dual Infections 
douthitti and xiphidiocercariae 11 
douthitti and strigeoid cercariae 3 
xiphidiocercariae and strigeoid 
cercariae 7 
Uninfected 
non shedding snails 257 
Total 426 
snails (38.6%) shed female cercariae, and 2 snails (7.6%) shed both male 
and female larvae. In the following year, of 11 naturally infected L. 
emarginate. 6 shed male cercariae (54.5%), 4 shed female cercariae 
(36.4%), and one snail shed both types of cercariae (9.1%). Kagan et al. 
(1954) reported a relatively higher frequency (about 31%) of male-
female infections, and similarly observed more male (41-45%) than 
female (23-28%) infections. In contrast, these authors state that 
laboratory studies of snails exposed to a single miracidium result in 
approximately equal frequencies of male and female infections. 
Circadlan shedding of cercariae Olivier (1951) demonstrated 
that infected L, palustris shed douthitti cercariae only between 
4 pm and 10 pm when snails are maintained in the dark between 6 pm and 
6 am. In the present study, a more precise estimation of cercarial 
shedding was needed, hence counts of the number of cercariae emerging 
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Graph 13. Two hour frequency of emergence of douthittl 
cercariae, in response to phototactic stimulus. 
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every two hours were made over a period of 48 hours on 18 naturally in­
fected 1^. emarginata maintained in natural light, and on 16 laboratory 
infected L. emarginata maintained under the same light-dark cycle as 
used by Olivier (1951). Graph 13 shows that more than 90% of the 
cercariae shed on any one night emerged during the first two hours of 
darkness under both natural and artificial lighting conditions. In 
comparison, strigeoid cercariae used in this study are shed continuously 
during the light hours, but more than 50% of the cercariae released per 
day emerge during the first two hours of light (Graph 14). 
Definitive hosts 
Changes in the cecal protozoan fauna of heavily infected mice 
Changes in the cecal protozoan fauna of heavily infected laboratory 
mice, concomitant with the hemorrhage associated with eggs entering 
the intestinal lumen, have been observed. Under these conditions, in­
creased numbers of coliform bacilli and cecal trichomonads were seen. 
Iron hematoxylin and protein silver stained cecal smears provided 
positive identification of two trichomonad species, namely Trichomonas 
muris and T. microti. From five mice with hemorrhaging schistosome 
infections, it was estimated that there is an approximate thousand-fold 
increase in the number of these cecal trichomonads. 
The gerbil as ^  definitive host Ancillary studies show 
that the gerbil (Meriones unguiculatus) can serve as a suitable labora­
tory host for adult douthitti. Kuntz (1952) reported that the 
Egyptian gerbil (Gerbillus sp.) readily serves as a laboratory or 
natural host of Schistosoma mansoni, so it is not surprising that 
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Graph 14. Two hour frequency of emergence of an unidentified 
strigeoid species of cercariae, in response to 
phototactic stimulus. 
douthitti can successfully parasitize this host. In the present 
study, four laboratory-reared gerbils were exposed to 2- douthitti 
cercariae and adult woirms were recovered from two. One gerbil, which 
had been exposed to about 800 cercariae, was sacrificed 22 days later 
and 57 adult worms were recovered by perfusion. The length of thirty-
four male worms averaged 4.363 mm. with a standard deviation of 0.129 
mm., and the 18 females averaged 4.438 mm. ± 0.080 mm. in length. 
Normal adults were also obtained from a second gerbil 41 days after 
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exposure to an undetermined number of douthitti cercariae, and 
actively swimming miracidia hatched from eggs in the liver and intestines 
of this animal. These adult schistosomes from the two gerbils were of 
similar size and appearance to those collected from murine infections. 
A third gerbil, exposed to about 200 cercariae and challenged with a 
similar number 218 days later was found dead three days after reexposure 
and was not autopsied. A fourth gerbil was sacrificed 226 days after 
initial exposure to approximately 200 cercariae, but no schistosomes 
were recovered. Areas of fibrosis and secondary vascularization around 
the mesenteric veins similar to the condition seen in rats after long 
exposures, suggest that the gerbil may be able to overcome douthitti 
infections after long periods of time. Kagan et al. (1954) have re­
ported encapsulation and stunting of douthitti in the rat, a less 
suitable host than the mouse for this schistosome species. No evidence 
of stunting, however, was apparent in schistosomes taken from gerbils 
in the present study. 
In the generic description of Schistosomatium, Price (1931) states 
that females are shorter than males; since females from gerbils were 
found to be longer than males in the present study, further investiga­
tions of this phenomenon in relation to possible interspecific host 
variation seem warranted. 
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DISCUSSION 
Data reported in the present study indicate that thyroxine and 
insulin can directly affect Schistosomatium douthitti. The use of a 
schistosome-mouse system for examining effects of endocrines simul­
taneously on both vertebrate host and the invertebrate parasite afioics 
opportunities for comparative studies on hormones. These studies also 
suggest that in the search for suitable media for the in vitro cuutur 
of parasitic platyhelminths, a possible role of endocrine materials 
should not be overlooked. 
Parasitologists have devoted much effort towards elucidation of 
host responses to a particular parasite, but fewer studies have been 
concerned with the responses of the parasite to the host. Some of 
these studies, however, have shown that when different vertebrate hosts 
are experimentally exposed to larval stages of a single species of 
trematode, dramatic host-induced morphological modifications occur. 
For example, Watertor (1967) demonstrated that Telorchis bonnerensis 
averaged 2.96 mm. in length after developing 24 weeks in the painted 
turtle Chrysemys picta belli whereas worms of the same age from the 
sliding turtle (Pseudemys scripta elegans) and the tiger salamander 
(Ambystoma tigrinum) were longer, averaging 4.12 mm. and 4.15 mm. 
respectively. Blankespoor (1970) observed marked morphological varia­
tion in experimental infections of Plagiorchis noblei from 15 different 
species of birds and two species of mammals. Schistosomatium douthitti 
adults from rats are much smaller than those from mice (Price, 1931: 
Kagan et al., 1954; also confirmed in the present study) and adult 
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aspidogasters from naturally infected clams are much smaller than worms 
of the same species taken from naturally infected fish (Fredericksen, 
in press). Experimental studies defining factors responsible for these 
types of interspecific host variation are lacking. 
Data obtained in the present study suggest that at least three 
different factors can modify trematode morphology and could therefore 
hypothetically influence interspecific host variation. These are 1) 
thyroxine, 2) insulin or some combination of insulin mediate factors 
such as hyperglycemia, lipemia, ketonemia or azotemia, and 3) the 
environmental temperature at which the vertebrate host is maintained. 
It should be emphasized that these are but three factors of many which 
may play a role in interspecific host variation. Evidence that endocrine 
and environmental factors can influence platyhelminth morphology is 
also consistent with Szidat's (1956, 1959, 1960) hypothesis that such 
factors may be responsible for the evolutionary selection of abridged 
life cycles seen in some species of parasitic helminths. If morphologi­
cal modifications of trematodes can be demonstrated in a single genera­
tion (as seen in the present study), it seems plausible that the same 
factors might possibly select for genetic modification of developmental 
cycles over the course of long evolutionary periods (as hypothesized 
by Szidat). 
The demonstration in the present study that thyroxine has effects 
ou iuvei-'tebratss is alsc consistent vith the evidence that utill'atlo" 
of the hormone thyroxine preceded the evolution of the thyroid gland 
(Gorbman, 1955). Effects of insulin on invertebrates have been seen 
in both the present study and many others (see Table 9). For example, 
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Harvey (1948) observed that zinc insulin caused increased oxygen con­
sumption in the protozoan hemoflagellate Trypanosoma hippicum and Harlow 
and associates (Harlow et al., 1967) have demonstrated insulin-like 
activity in Spirometra mansonoides spargana. Wilson and Falkmer (1965) 
have also isolated insulin from the starfish, and they have tentatively 
identified this hormone in both the sea squirt and the octopus. In 
comprehensive assessment, these facts prompt the speculation that 
functional insulin may have preceded the evolution of the pancreas, 
just as thyroxine preceded the appearance of a discrete thyroid gland. 
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SUMMARY AND CONCLUSIONS 
1. The effects of thyroxine and insulin on Schistosomatium douthitti 
(Cort, 1914) Price, 1931 were examined in vitro histochemically as well 
as manometrically. Effects of these hormones on schistosome development 
were also examined i£_ vivo. 
2. Histochemical tests showed increased tetrazolium reductance 
activity in thyroxine-treated douthitti adults. 
3. Cytochrome oxidase activity was histochemically demonstrated 
throughout the parenchyma, musculature, and digestive, nervous and 
reproductive systems of douthitti adults. Thyroxine-treated schisto­
somes displayed greater activities of this enzyme. 
4. Peroxidases were identified histochemically and manometrically 
and activity of these enzymes appears to be inhibited after treatment 
with thyroxine. 
5. Adult male, female, as well as male and female pairs of 
schistosomes consume more oxygen when treated with thyroxine than do 
controls. Cercariae of £. douthitti (as well as those of an unidenti­
fied strigeoid species), the frog lung fluke (Haematoloechus), the 
planarian Dugesia sp., and the protozoan ciliate Tetrahymena sp. all 
showed increased oxygen consumption when treated with thyroxine. 
6. Male and female S_. douthitti adults from hyperthroid hosts are 
significantly larger than those from normal hosts (P < 0.025). 
7. This condition prevails whether the hyperthyroid state is 
established prior to cercarial penetration or after schistosomular 
migration through the lungs. 
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8. Male and female douthitti adults from surgically thyroid-
ectomized rats were significantly smaller than sham operated sibling 
controls (P < 0.01). 
9. An accelerated death rate was observed in hyperthyroid mice 
infected with douthitti. 
10. Insulin causes increased oxygen uptake of douthitti males, 
females, and cercariae, as well as of an unidentified strigeoid 
cercarial species. 
11. 2" douthitti males and females from mice made diabetic by a 
single injection of alloxan are significantly smaller than those from 
saline injected sibling controls (P < 0.05), suggesting that insulin 
mediated in vivo effects on schistosomes are possible. 
12. Each douthitti cercaria contains an average of 0.027 
micrograms of protein, and consumes an estimated 0.210 microliters 
of oxygen per microgram of protein at 24° C. Adult females consume an 
average of 0.44 Uliters of oxygen/worm/hour and males consume 4.27 
times as much (averaging 1.88 yliters/worm/hour). 
13. Crowding schistosomes in a respirometer flask causes a de­
crease in oxygen consumption vitro. Statistical analysis showed 
the relationship between worm burden of the host and schistosome size 
to be constant, indicating that in vivo a crowding effect on the size 
of S^. douthitti adults does not occur. 
14. Data from che present study suggest that an exogenous source 
of glucose enhanced oxygen consumption of cercariae and adult S^. 
douthitti, but that an antibiotic mixture added to the incubation 
medium inhibited oxygen utilization by these adult schistosomes. 
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15. douthittl adults from mice maintained at 25° C. are larger 
than schistosomes from mice maintained at 19° C.; the difference in the 
size of females only is significant (P < .05). 
16. Worm pairs of S_. douthitti adults incubated in the presence 
of the opposite sex consume more oxygen than the total consumption of 
an equal number of males and females incubated in the absence of the 
opposite sex, suggesting that some type of metabolic interaction occurs 
between male and female schistosomes. 
17. Ultrastructural studies show that the teguments of male and 
female douthitti adults are structurally different. The male tegument 
is irregular and reticulate, and spines line the gynocophoric canal; 
the female tegument, in contrast, is smooth and characterized by regular 
uniform depressions. The cercarial body of this species is regularly 
tuberculated. 
18. Data obtained suggest that environmental temperature, thyroxine, 
and some insulin mediated factors may play a role in host-induced 
morphological variations of trematodes. These results may be consistent 
with the theory that environmental and endocrine factors may have 
influenced the evolutionary selection of modified life cycles charac­
teristic of some parasitic helminths. 
19. Field studies show that an increase in the percentage of 
parasitized snails occurs in the fall, and that douthittl can over-
wi.uLd JLii liVAliiiclcct éiUctiK-i-ud.uâ uuL cl^ pcil.cuuxy liûu 1.11 LVuHI&c-q. s. 
20. Laboratory studies indicate that cercarial development is 
retarded in aiails maintained in coojer water* and that fewer 
p&i iSLtizej if di^ ..nder :his co'-di •.io-i. mey be s f^ccor 
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contributing to the geographical limitation of this schistosome species 
to cooler, more northerly locations. 
21. In laboratory-infected snails maintained under artificial 
light and in naturally-infected snails maintained under natural light, 
more than 90% of the cercariae shed on a given night emerge during 
the first two hours of darkness. 
22. When douthitti eggs enter the intestinal lumen of infected 
mice and severe hemorrhaging occurs, a marked increase in the number of 
cecal trichomonads was observed. 
23. The gerbil, Meriones unguiculatus. was found to be a new 
laboratory host for Schistosomatium douthitti. 
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